Objective: Individuals reporting a history of childhood violence victimization have impaired brain function. However, the clinical significance, reproducibility, and causality of these findings are disputed. The authors used data from two large cohort studies to address these research questions directly.
Conclusions:
Findings from two population-representative birth cohorts totaling more than 3,000 individuals and born 20 years and 20,000 km apart suggest that the association between childhood violence victimization and later cognition is largely noncausal, in contrast to conventional interpretations. These findings support the adoption of a more circumspect approach to causal inference in the neuroscience of stress. Clinically, cognitive deficits should be conceptualized as individual risk factors for victimization as well as potential complicating features during treatment. Individuals reporting a history of childhood violence victimization have impaired brain function (1) (2) (3) (4) . It is biologically plausible that exposure to extreme stressors, such as violence victimization, might harm brain function (5) , particularly during periods of enhanced developmental plasticity (1) . However, the interpretation and implications of these findings continue to fuel debate in neuroscience (6) (7) (8) , clinical psychiatry (9, 10) , and social policy (11, 12) because of unanswered questions about clinical significance, reproducibility, and causal inference.
With regard to clinical significance, it is unclear whether research findings reflect clinically relevant impairment of brain function in victimized children. This is unclear because neuroimaging methods that have been used to describe structural and functional brain differences in victimized individuals have, at present, only limited ability to predict everyday functioning and clinical outcomes (13) . Neuropsychological assessments have greater reliability and predictive value (14, 15) and have shown that individuals with a history of childhood victimization have deficits in general intelligence and more specialized cognitive functions (16, 17) . However, the origins of such cognitive deficits are unclear.
With regard to reproducibility, it is unclear whether research findings reflect the effects of child victimization in the general population. This is unclear because sampling for research studies is often done in convenience groups (e.g., students answering research study advertisements) or extreme groups (e.g., postinstitutionalized young people), and on a small scale. While these sampling strategies can be easily implemented, they may lead to nonreproducible results (18) . Studies undertaken in selected samples may lead to nongeneralizable results that are conditional on sample-specific characteristics (low external validity) (19) . Studies undertaken in small samples may produce spurious positive results (type II error) (20) .
With regard to causality, it is unclear whether correlational findings from observational studies reflect causal effects of child victimization on later brain function. This is unclear because victimized children often have preexisting impairment in brain function and live in disadvantaged socioeconomic conditions (21) . Both factors provide alternative explanations for observed differences in brain function between victimized and nonvictimized individuals (22, 23) . Ruling out the effects of these confounding factors is necessary in order to infer causal effects of child victimization (24, 25) . However, this has been difficult to achieve because research designs are typically cross-sectional, rely on retrospective recall of childhood victimization, and are limited to measurement of brain function at a single point in time in adolescence or adult life.
We addressed these questions directly in this study. To understand the clinical significance of deficits in brain function associated with childhood victimization, we tested whether victimized children showed later global deficits in IQ or specific deficits in a wide range of cognitive functions associated with clinical and functional outcomes (14, 15, 26, 27) . To ensure reproducibility of these observations, we tested whether the results were consistent across a range of prospectively collected and validated measures of childhood victimization (28, 29) (including both broad poly-victimization [30] and specific types of victimization), across repeated cognitive assessments in childhood, adolescence, and adulthood (26) , and across two large population-representative cohorts in the United Kingdom and New Zealand. Finally, to generate information about causality, we took advantage of three methodological features-repeated cognitive assessments of study members and their parents since before victimization, prospectively collected information about family circumstances, andatwin-differencedesign-to test the alternative hypothesis that the associations between childhood victimization and later cognitive deficits have their origins in preexisting and stable cognitive vulnerabilities and in confounding familial influences.
METHOD
Study 1: The Environmental-Risk Longitudinal Twin Study Sample. Participants were members of the Environmental Risk (E-Risk) Longitudinal Twin Study, which tracks the development of a birth cohort of 2,232 British children ( Figure 1 ). Full details about the sample have been reported elsewhere (31) and can be found in the data supplement that accompanies the online edition of this article.
Childhood poly-victimization. Exposure to several types of victimization was assessed repeatedly when the children were 5, 7, 10, and 12 years of age, and dossiers have been compiled for each child with cumulative information about exposure to domestic violence between the mother and her partner, frequent bullying by peers, physical maltreatment by an adult, sexual abuse, emotional abuse, and physical neglect. Following Finkelhor et al. (30) , for each child, our cumulative index counts the types of victimization experienced during the first 12 years of life. Details about these measurements have been reported previously (29) . In addition to the above prospective measures of victimization, we assessed recall of victimization through the Childhood Trauma Questionnaire (32), completed by study members at the age-18 follow-up. Details about the victimization measurements are available in the online data supplement.
Cognitive testing. Figure 1 provides an overview of the cognitive testing in the E-Risk Study at ages 5, 12, and 18. Figure 2A provides a correlation matrix for all cognitive tests. Details are provided in the data supplement. 1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014 Statistical analysis. To test the associations between childhood victimization (independent variable) and cognitive measures (dependent variable), we ran a series of bivariate generalized estimating equation (GEE) linear regression models accounting for clustering of twins within families, using SAS, version 9.3 (SAS Institute, Cary, N.C.). To test whether observed associations were accounted for by preexisting cognitive vulnerabilities and nonspecific effects of socioeconomic disadvantage, we expanded the bivariate GEE models to include covariates for IQ at age 5 and family socioeconomic status (see the data supplement), respectively. To test for significant attenuation of the association by these covariates, we compared regression coefficients across models (33) . To test whether the results based on the experience of poly-victimization could be generalized to all individual types of victimization, we reran the above analyses using in turn each type of victimization as the independent S W M , t o t a l e r r o r s ( a g e 1 8 ) S W M , s t r a t e g y ( a g e 1 8 ) S p a t ia l S p a n ( a g e 1 8 )
S p a t ia l S p a n R e v e r s e ( a g e 1 8 ) R V P , m e a n l a t e n c y ( a g e 1 8 ) variable. To test whether the above results depended on victimization in infancy or toddlerhood, we ran a sensitivity analysis excluding 307 study members with evidence of victimization before age 5. To test whether the association between childhood victimization and cognitive functioning was accounted for by unobserved genetic or environmental heterogeneity, we tested whether differences in cognitive functioning were associated with differences in polyvictimization within pairs of siblings sharing their early family environment and either some (dizygotic twins) or all (monozygotic twins) genes. Finally, to test whether the results based on the study-specific, prospectively collected measure of maltreatment could be generalized to another more commonly used measure of childhood maltreatment, we reran the above analyses using the score on the retrospective Childhood Trauma Questionnaire as the independent variable. Details are provided in the data supplement.
Study 2: The Dunedin Longitudinal Study
Sample. Participants were members of the Dunedin Longitudinal Study, which tracks a 1972-1973 birth cohort of 1,037 children born in Dunedin, New Zealand ( Figure 1 ). Full details about the sample have been reported elsewhere (34) and can be found in the data supplement.
Childhood victimization. As previously described (28), the measure of childhood maltreatment includes maternal rejection assessed at age 3 by observational ratings of mothers' interactions with the study children, harsh discipline assessed at ages 7 and 9 by parental report of disciplinary behaviors, two or more changes in the child's primary caregiver, and physical abuse and sexual abuse reported by study members once they reached adulthood (and were able to give informed consent). For each child, our cumulative index counts the number of maltreatment indicators during the first decade of life. When study members were 38 years old, they also completed the Childhood Trauma Questionnaire (32) . Details about victimization measurements are available in the data supplement.
Cognitive testing. Figure 1 provides an overview of the cognitive testing in the Dunedin study at ages 3, 11-13, and 38. Figure 3A provides a correlation matrix for all cognitive tests. Details are provided in the data supplement.
Statistical analysis. To test the associations between childhood maltreatment (independent variable) and cognitive measures (dependent variable), we ran a series of bivariate ordinary least squares regression models. To test whether observed associations were accounted for by preexisting cognitive vulnerabilities and nonspecific effects of socioeconomic disadvantage (see the data supplement), we expanded the bivariate ordinary least squares models to include covariates for maternal IQ and Peabody Picture Vocabulary Test scores at age 3, and family socioeconomic status, respectively. To test for significant attenuation of the association by these covariates, we compared regression coefficients across models (33) . To test whether the results based on the study-specific, prospectively collected measure of maltreatment could be generalized to another more commonly used measure of childhood maltreatment, we reran the above analyses using Childhood Trauma Questionnaire score as the independent variable.
RESULTS

Study 1: The E-Risk Study Does childhood victimization predict low IQ in adolescence?
We first used the E-Risk Study (Figure 1 ) to test whether child victimization had immediate effects on general intelligence in adolescence. Children who experienced poly-victimization between ages 5 and 12 had lower IQ test scores at age 12 than nonvictimized children (beta=20.17, p,0.01) (Table 1A , model 1). However, these differences were significantly attenuated after preexisting differences in IQ at age 5 and family socioeconomic status were taken into account (beta=20.05, p=0.02) (Table 1A , model 4; omitted variable bias test, p,0.001; Figure 2B ). These findings were replicated in analyses focusing on each of the specific types of victimization (see Tables S1-S7 in the online data supplement). For example, we found lower IQ at age 12 among children in the E-Risk Study who had been physically abused (beta=20.09, p,0.01; Table S3A, model 1) or neglected (beta=20.14, p,0.01; Table S6A , model 1). However, these differences, too, were significantly attenuated after preexisting differences in IQ at age 5 and family socioeconomic status were taken into account (beta=20.03, p=0.13 and beta=20.03, p=0.11, respectively; Tables S3A and  S6A, 
model 4).
Does childhood victimization predict low IQ in young adulthood? Next, we tested whether childhood victimization had late-onset ("sleeper") effects on IQ in young adulthood. Children in the E-Risk Study who experienced polyvictimization between ages 5 and 12 had lower IQ at age 18 than nonvictimized children (beta=20.12, p,0.01) (Table 1B, model 1). However, these differences were significantly attenuated after preexisting differences in IQ at age 5 and family socioeconomic status were taken into account (beta=0.00, p=0.82) (Table 1B, model 4; Figure 2B ). Similar results emerged when we focused on each of the specific types of victimization (see Tables S1B-S7B in the data supplement).
Does childhood victimization predict impaired cognitive functions in young adulthood? Despite these limited residual effects on a broad measure of cognition, such as IQ, childhood victimization could have affected more specific cognitive functions that are only moderately correlated with IQ ( Figure 2A ). In particular, executive functions and processing speed hinge on functioning of the prefrontal cortex (35) , which continues developing throughout childhood (36) and thus may be more sensitive to the effects of childhood victimization. Therefore, we tested the effects of victimization on these functions.
Children who experienced poly-victimization between ages 5 and 12 performed more poorly on executive function tests at age 18, such as the Cambridge Neuropsychological Test Automated Battery (CANTAB) Rapid Visual Information Processing A:, Spatial Working Memory total errors and strategy, and Spatial Span (Table 1C- (Table 1I -J, model 1). However, these differences were also significantly attenuated after preexisting differences in IQ at age 5 and family socioeconomic status were taken into account (Table 1C -J, model 4; Figure 2B ). Similar results emerged when we focused on each of the specific types of victimization (see Tables S1C-J to S7C-J in the data supplement).
Does childhood victimization predict cognitive deficits in those not victimized before age 5? We considered that IQ tested at age 5 could have been influenced by earlier victimization and thus could be an inadequate baseline measure of cognitive function for some children, if they had been victimized early as infants or toddlers. There was evidence of victimization before age 5 for 307 children in the E-Risk Study. In analyses restricted to children without evidence of victimization before age 5, we found results similar to those in the overall sample (see the "omitted variable bias" columns in Table S8 in the data supplement and in Table 1 ), suggesting that the limited residual effects of childhood victimization on later cognitive functions were not simply a reflection of biased baseline measures of cognition.
Do differences in childhood victimization predict differences in cognitive function within sibling pairs? We also took advantage of the co-twin control method in the E-Risk Study to determine whether differences in poly-victimization were associated with differences in cognitive functions within pairs of twins who grew up in the same family and shared some (dizygotic twins) or all (monozygotic twins) of their genetic material (37) . However, we did not find associations between poly-victimization and cognitive functions within sibling pairs except for IQ at age 12 in dizygotic twins ( Table 2,  and Table S9 in the data supplement), suggesting that the associations observed at the individual level (Table 1A -J, model 1) were likely explained by unmeasured familial (both genetic and environmental) factors.
Are retrospective reports of childhood victimization in young adulthood associated with low IQ and impaired cognitive functions? We extended our analysis to test whether the findings could be replicated when childhood victimization was measured at age 18 with the Childhood Trauma Questionnaire (32), a popular tool for retrospectively assessing childhood maltreatment history in adults. E-Risk Study members who reported having been maltreated as children performed more poorly on executive function tests (Spatial Working Memory total errors, Spatial Span) and processing speed tests (Rapid Visual Information Processing mean latency) but not IQ tests (see Table S10A -J, model 1, in the data supplement). However, these differences were significantly attenuated after preexisting differences in IQ at age 5 and family socioeconomic status were taken into account (see Table S10A -J, model 4). Furthermore, we did not find associations between differences in Childhood Trauma Questionnaire scores and differences in cognitive functions within pairs of siblings (see Table S11 in the data supplement).
Study 2: The Dunedin Study Does childhood victimization predict low IQ in adolescence?
Next, we tested whether the findings in the E-Risk Study could be replicated and expanded in an independent and older cohort. In the Dunedin Study (Figure 1 ), children who experienced maltreatment between ages 3 and 11 had lower IQ at ages 11-13 than nonmaltreated children (beta=20.11, p,0.01) (Table 3A , model 1). However, these differences were again significantly attenuated after indicators of preexisting cognitive functioning, such as maternal and child IQ at age 3 and family socioeconomic status, were taken into account (beta=0.00, p=0.89) (Table 3A , model 4, and omitted variable bias test, p,0.01; Figure 3B ).
Does childhood victimization predict low IQ in midlife?
In the older Dunedin cohort, we tested whether childhood maltreatment exerted long-term "sleeper effects" on IQ into midlife. We found that children exposed to maltreatment between ages 3 and 11 had lower IQ scores at the study's latest assessment, at age 38, than nonmaltreated children (beta=20.14, p,0.01) (Table 3B , model 1). These differences were significantly attenuated after indicators of preexisting cognitive functioning, such as maternal and child IQ at age 3 and family socioeconomic status, were taken into account (beta=20.04, p=0.21) (Table 3B , model 4; Figure 3B ).
Does childhood victimization predict impaired cognitive functions in midlife?
To test more subtle and specific effects of childhood maltreatment on cognition, we used a comprehensive battery of neuropsychological tests, administered at age 38, that are only moderately correlated with IQ ( Figure 3A ). Children exposed to maltreatment between ages 3 and 11 performed more poorly in midlife on several tests of executive function (CANTAB Rapid Visual Information Processing, false alarms; WAIS working memory index; Wechsler Memory Scale-III, months backward test; Trail Making Test, part B), processing speed (WAIS processing speed index), memory (Rey Auditory Verbal Learning Test, total recall), perceptual reasoning (WAIS perceptual reasoning index), and verbal comprehension (WAIS verbal comprehension index) (Table 3C -R, model 1). These differences were significantly attenuated after indicators of preexisting cognitive functioning, such as maternal and child IQ at age 3 and family socioeconomic status, were taken into account (Table 3C -R, model 4; Figure 3B ).
Are reports of childhood victimization in midlife associated with low IQ and impaired cognitive functions? Finally, we extended our analysis to test whether the findings could be replicated when childhood maltreatment was measured retrospectively at age 38 with the Childhood Trauma Questionnaire (32) . Study members who reported having been maltreated as children performed more poorly on IQ tests administered in adolescence and midlife and on more specific cognitive tests administered in midlife (see Table  S12A -R, model 1, in the data supplement). However, the link between childhood maltreatment and impaired cognitive performance was significantly attenuated after indicators of preexisting cognitive functioning, such as maternal and child IQ at age 3 and family socioeconomic status, were taken into account (see Table S12A -R, model 5).
DISCUSSION
We found that cognitive deficits previously described in individuals with a history of childhood victimization are largely explained by preexisting cognitive vulnerabilities and nonspecific effects of socioeconomic disadvantage. The results both strengthen the evidence for cognitive deficits in individuals with a history of childhood victimization and strongly challenge the conventional causal interpretation. Consistent with previous research (16, 17) , we found that adolescents and adults with a history of childhood victimization have pervasive deficits in clinically significant cognitive functions, including both general intelligence and more specific measures of executive function, processing speed, memory, perceptual reasoning, and verbal comprehension. We observed this in two population-representative birth cohorts totaling 3,000 individuals born 20 years and 20,000 km apart, and we reproduced the findings using multiple measures of victimization and cognitive assessments in childhood, adolescence, and adulthood.
In contrast to the conventional causal interpretation of these findings, our longitudinal prospective design revealed that cognitive deficits in victimized adolescents and adults were largely explained by cognitive deficits present before the observational period for childhood victimization and by (38) , their strong continuity across the life course (22) , and the stable cognitive deficits previously described in children exposed to adversity (39, 40) . On the other hand, they are inconsistent with the causal effects of early-life stress on brain function reported in experimental animal models (41, 42) . Although animal models show that early-life stress can have an effect on brain function, human studies, such as those reported here, are needed to test whether real-world exposures, such as childhood victimization, do typically affect clinically relevant brain functions in ordinary humans. We speculate that inconsistencies could arise for several reasons. First, differences in the effects of early-life stress could arise because of differences in life history and brain development timing across species (43, 44) . Second, because of greater genetic heterogeneity in humans, individual differences may buffer the average effects of early-life stress on brain function to a greater extent in humans than in animal models (45) . Third, universal interventions (e.g., schooling) and targeted interventions (e.g., child protection services, psychiatric treatment) in childhood may buffer the effect of early-life stress on brain function in humans but not in animal models. Finally, selective reporting of positive results may have biased scientific evidence (46) . We note a set of limitations. First, it is possible that our measures of childhood victimization have underestimated associations with cognitive functions. However, a comparison between our studies and previous studies suggests that this is not the case. For example, Perez and Widom (47) report standardized mean differences of 20.62 (95% CI= 20.77, 20.46) in IQ between court-substantiated cases of maltreatment and control subjects. By comparison, in the E-Risk Study, standardized mean differences in IQ between poly-victimized and nonvictimized study members were 20.68 (95% CI=20.85, 20.50) at age 12 and 20.52 (95% CI=20.70, 20.34) at age 18. In the Dunedin Study, standardized mean differences in IQ between definite maltreated and nonmaltreated study members were 20.29 (95% CI= 20.52, 20.06) at ages 11-13 and 20.43 (95% CI=20.66, 20.20) at age 38. Confidence intervals for the estimates overlap, in line with expectations that there are no significant differences across the studies. This shows that, at the bivariate level, our studies have not underestimated the associations between childhood victimization and cognitive functions. However, our multivariate analyses suggest that these associations were significantly attenuated by the presence of cognitive deficits that predated childhood victimization and by confounding genetic and environmental risks. Second, the results may only be valid for childhood victimization within the age ranges described in our studies (3-12 years). It is possible that victimization of infants and toddlers (48) can cause immediate and stable changes in cognitive functions that we did not detect. To partly test for such effects, in the E-Risk Study we reran analyses excluding children who were victimized before the age-5 IQ assessment, but the results were unaltered. In the Dunedin Study we capitalized on a measure of maternal IQ, a proxy for the child's IQ (38) unbiased by the child's victimization experience. Cognitive deficits were similarly explained by differences in maternal IQ and differences in the child's IQ at age 3 (Table 3 and  Table S12 , models 2 and 3, respectively). These findings suggest that the limited residual effects of childhood victimization on later cognitive functions were unlikely to be due to early victimization. Third, the results may only apply to the childhood victimization experiences measured here and not to more extreme and unusual experiences (e.g., institutional upbringing, head-injury-associated victimization). Fourth, the results may only apply to the clinically relevant cognitive measures used here and not to other brain functions that may be affected by victimization experiences (e.g., reward or threat processing). Fifth, there was evidence for a residual effect of childhood victimization on the Wechsler Intelligence Scale for Children at age 12 in one of our two samples. Therefore, we cannot conclusively rule out the presence of a small causal effect. Despite these limitations, the findings have implications for neuroscience and clinical practice.
With regard to neuroscience, these findings caution researchers to adopt a more circumspect approach to causal inference in human studies. Together with previous commentaries (18) (19) (20) , these results highlight the fact that advances in neuroscience methods need to be accompanied by greater attention to study design. Experimental designs to test the effects of child victimization in humans are clearly unethical. Longitudinal designs like the ones used here are costly but essential for tracking within-individual changes (49) . Twin and sibling designs are uncommon but can offer crucial insights in this area (50, 51) . Neuroscience research capitalizing on these designs will be important to further test putative causal effects of child victimization on brain structure and function.
With regard to clinical practice, the present findings caution clinicians against simplistic case formulations for individuals with complex traumatic histories of child victimization. The results suggest that cognitive deficits should be conceptualized as children's individual risk factors for victimization (9, 21) as well as potential complicating features during treatment (52, 53) . Interventions attempting to support and improve cognition (54, 55) in individuals with a history of childhood victimization can be useful to complement more commonly used interventions for emotional and behavioral disturbances in this population.
